ABSTRACT: Despite a large availability of areas suitable for sunflower cropping in Central Brazil, few adapted cultivars are available in the market. The objective of this work was to select sunflower cultivars adapted to this important production region. Experimental data from 2000 to 2004 were obtained by the National Sunflower Trials, coordinated by Embrapa Soja. The evaluated traits were grain and oil yields. Two criteria were used for selection of cultivars: i) the general mean obtained from different environments; ii) partitioning of general mean in favorable and unfavorable environments. Partitioning of the general mean allowed to detect the specific environment indicated for each cultivar. 
INTRODUCTION
There is an increasing utilization of sunflower in Brazil, due to its use as raw material for silage, oil production and to its potential as a new source of energy from the biological fuel production. Therefore, grown area and grain production increased 60 and 47%, respectively, between 2002 60 and 47%, respectively, between /2003 60 and 47%, respectively, between and 2004 60 and 47%, respectively, between /2005 60 and 47%, respectively, between (Reunião, 2005 . Most of the 82.000 ha cultivated in 2004/2005 were sowed in Central Brazil, following to the major summer growing period, mainly in the States of São Paulo (36.7%), Mato Grosso (17.4%), Goiás (10.2%) and Mato Grosso do Sul (8.8%) (Reunião, 2005) .
On some Brazilian States it is a common agricultural practice the summer double cropping, meaning that the main crop is planted from October to early November, allowing its harvesting by February. Then a second crop follows in February/March, taking advantage of the adequate temperature and rainfall conditions. Sunflower is one of the crops suitable as the second summer crop.
The expansion of the sunflower crop as the second summer crop in Brazil depends on a constant evaluation of new cultivars obtained by the identification of superior materials able to express high yield and acceptable quality in the different regions. Thus the genetic progress of sunflower in Brazil plays an important role to make more feasible the necessary economic returns compared to other summer crops.
Since 1989, the evaluation and selection of hybrids and varieties of sunflower from several companies are being made through of the National Sunflower Trials, coordinated by Embrapa Soja and supported by the contribution of public and private institutions. The aim of this work was to select sunflower cultivars evaluated in the Trial Network carried out between 2000 and 2004 in Central Brazil.
MATERIAL AND METHODS
Data were used from the National Sunflower Trials, coordinated by Embrapa Soja. Trials were installed from 2000 to 2004 in several locations of the states of Goiás, Mato Grosso, Mato Grosso do Sul, Minas Gerais, São Paulo and Distrito Federal ( Table  1) .
The cultivars were sown in February/March, in randomized block designs with four replicates. Each plot consisted of four rows 6.0 m long, spaced from 0.7 to 0.9 m. Only the two central rows were used for data collection. Plants located until 0.5 m apart from the tip of each central row were also discarded, resulting in a useful area from 7 to 9 m 2 per plot, depending on the space adopted. All the recommended cultural practices were observed to allow an optimum plant development.
The The analysis of variance was performed on grain and oil yields for each environment (location and year). As the locations of the trials included in the FTF were not exactly the same ones as those chosen for the FTS, a joint analysis of environment for each group of cultivars was carried out. For this, a test to verify the homogeneity of residual variances was applied. In this test, variances were considered as homogeneous when the ratio between the larger and the smaller residual mean square was smaller than 7 (Pimentel Gomes, 1985) . Moreover, trials with coefficients of variation higher than 20% (Pimentel Gomes, 1985) and experiments with major problems (birds attacks, drought and serious incidence of plant diseases, like Alternaria) were not included in the joint analysis of variance.
Two criteria were used for selection of cultivars: i) the general mean obtained from different environments; and ii) partitioning of general mean in favorable and unfavorable environments. It was considered favorable environment those with superior general mean and unfavorable one those with inferior general mean (Verma et al., 1978) .
In the analysis of the general mean, Duncan test (P < 0.05) was performed to verify significance of differences among cultivars, as well as the comparison of means among each evaluated cultivar and the controls. The favorable and unfavorable environment means of each cultivar were compared with the control mean in each environment, according to the IDMG method (Indication Method -Partitioning of General Mean) (Porto et al., 2007) . When the mean of a certain cultivar is higher than the control mean in favorable but not in unfavorable environments, this cultivar is regarded oneself as fitted for favorable environments, and vice versa. On the other hand, if a certain cultivar is superior in both environments, its indication is general. The partitioning of the general mean was not calculated when the number of favorable and unfavorable environments was equal or less than three. The statistical analyses were performed with the software Genes (Cruz, 2001) .
RESULTS AND DISCUSSION
The interaction cultivars × environments was significant in the joint analysis of variance, indicating a different performance of cultivars over the evaluated environments, and pointing out the importance of studies of yield components in specific environments ( Table  2 ). The presence of G × E interaction in sunflower yield tests has also been reported by 1999; 2000) ; Lu'Quez et al. (2002) and De la Vega & Chapman (2006) . The experimental accuracy was satisfactory according the classification of Pimentel Gomes (1985) , since the coefficients of variation (CV) were comprised between 11.83% and 14.33% for grain yield and between 12.23% and 14.51% for oil yield. General means for grain yield over year were remarkable superior to the approximately 1500 kg ha -1 , observed in Brazilian commercial agriculture, according to data from CONAB (2005) .
In spite of the acceptable values of CV, differences among cultivars were detected by Duncan test (P < 0.05) only when a large difference among their means was observed for both evaluated traits (Table  3) , as reported by 1999; 2000) . Therefore selection of sunflower cultivars was made based on the difference between their performance and the mean of controls, so that selected ma- terials were those with means higher than that of controls. This criterion is rigorous whereas it causes a greater strictness in discriminating cultivars in comparison with selection based on results from the Duncan test, therefore it reduces the number of selected cultivars. Despite this constraint, this criterion has been used by the Brazilian Ministry of Agriculture, Livestock and Food Supply (MAPA) for the registration of new soybean, wheat and bean cultivars. No criterion was established for sunflower up to now.
In the period of 2000-2004, the cultivars that presented a general mean higher than the controls for grain yield were Exp 37, AG 962, GV 26048, AG 967, Helio 251 and ACA 884. For oil yield, the best culti- (Table 3) . Thus, cultivars not always had a good performance for both traits. The use of cultivars with outstanding performance in only one of the evaluated components depends on the farmer pref- Table 4 (Embrapa 122 in 2004) . Nevertheless, the use of open pollinated varieties may be meaningful for the farmholders, due to low seed price and less environmental risk (water deficit), when sunflower crop is sown on February/March.
For selection of sunflower cultivars normally used general means of grain and oil content from different environments 1999; 2000) . Although it should be taken into account the specific adaptation of the favorable and unfavorable environments (Ramalho et al., 1993; Cruz & Regazzi, 1994; Lu'Quez et al., 2002; De la Vega & Chapman, 2006) . In this study, the method of the IDMG allowed to detecting cultivars for a specific environment (Table 4) . For grain yield, only the cultivar Helio 251 had general indication. Milênio and CF 17 would be indicated for favorable environments and ACA 884, ACA 885 and ACA 872 for the unfavorable ones. For oil yield, CF 13, Milênio, DK 4030, Helio 250 and ACA 872 had general indication; AG 966, GH 12, GV 26043, CF 17 and VDH 93 would be indicated for favorable environments, while VDH 488, Helio 251, ACA 884 and ACA 885 for the unfavorable conditions. The IDMG analysis was not performed in 2002, because in those experiments the number of favorable environments was less than four. Some cultivars that did not present a superior average in comparison with the controls had good performance in specific environments. For instance, cultivar ACA 885 was indicated for unfavorable environments for grain and oil yields (Table 4) , although its general average was smaller than one of the controls.
CONCLUSIONS
For grain yield, the cultivar Helio 251 presents general indication, Milênio and CF 17 would be recommended for favorable environments and ACA 884, ACA 885 and ACA 872 would be indicated for the unfavorable environments when sowed on February/ March. For oil yield, CF 13, Milênio, DK 4030, Helio 250 and ACA 872 present general indication; AG 966, GH 12, GV 26043, CF 17 and VDH 93 would be indicated for favorable environments, while VDH 488, Helio 251, ACA 884 and ACA 885 would be indicated for the unfavorable ones, when sowed at the same date.
